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CYLINDER HEAD 
Background of the Invention 

Field of the Invention 

5 The present invention relates to an engine having a cylinder head and rocker box 

with a relief duct system that redirects and reduces gases flowing past the piston and engine. 

Description of the Prior Art 

Internal combustion engines produce gases in the combustion chamber that are 
forced under pressure past the piston and into the engine's crankcase. Such gases are 

10 typically an oil-laden mist and are often referred to as "blow-by" gas. The piston motion 
causes pressure fluctuations in the crankcase forcing the blow-by gases to be routed back 
toward the engine carburetor. Such leakage leads to accumulations of oil in the combustion 
chamber and elsewhere and may interfere with engine operation. Such blow-by may also 
lead to a buildup on the air filter and a decrease in engine performance. The air filter, seals 

1 5 and other components may have to be replaced after a much shorter interval due to blow-by. 

To overcome this problem, systems have been developed that provide for a breather 
system such as shown in U.S. Patent No. 6,345,613. That breather system utilizes an open 
channel formed in the upper surface of the cylinder head. The channel allows for breathing 
and for the oil mist laden air to flow through the channel and other passages. However, the 

20 system shown in U.S. Patent No. 6,345,61 3 requires formation of several connecting 

passages and an arcing channel that must be formed in the upper surface of the cylinder head 
in a complicated machining operation. Such a system has proven to be difficult to machine 
and the formation of a long channel may weaken the cylinder head. The system in Patent 
No. 6,345,613 also relies on passive breathing to atmosphere, rather being drawn by a 

25 vacuum to remove the blow-by gases. 



It can be appreciated that a blow-by removal system is needed that overcomes the 
problems associated with the prior art. Such a system should provide for simple 
manufacture and positive removal of the blow-by gases. Such a system should provide for 
improved removal efficiencies while maintaining the structural integrity of the cylinder head 
5 and avoiding difficult to manufacture channels. The present invention addresses these as 
well as other problems associated with removal of blow-by gases in internal combustion 
engines. 

Summary of the Invention 

The present invention is directed to a cylinder assembly and in particular, to a 
10 cylinder head having a duct system for removing blow-by that seeps to unwanted engine 
locations. The engine generally includes a crankcase connected to a transmission while 
holding lubricating oil. The engine crankshaft and one or more camshafts are also retained. 
For motorcycle engines, a typical embodiment includes a V-shaped arrangement with 
cylinder assemblies extending from the upper end of the crankcase. Each of the cylinder 
15 assemblies generally includes a cylinder, a cylinder head and a rocker box. A piston extends 
upward within the cylinder and reciprocates back and forth, driving the crankshaft. 
Pushrods generally extend outside of the cylinder and connect the crankcase to rocker arms 
in the rocker box. It can be appreciated that other engine configurations may also utilize the 
present invention. 

20 The cylinder head generally includes an upper mounting surface that engages the 

under side of the rocker box. The cylinder head also includes structure for receiving engine 
valves as well as intake and exhaust ports that attach to respective manifolds. The cylinder . 
head further defines a combustion chamber that is aligned with the top of the opening to the 
cylinder. A spark plug is received in the cylinder head to provide spark to the combustion 

25 chamber for ignition. Cooling fins may extend from various locations on the cylinder head 
to provide increased surface area for improved air cooling. The cylinder head also typically 
includes openings or recesses for the push rods, as well as mounting holes for bolting to both 
the rocker box and the cylinder. 



In a first embodiment of a duct system for removing blow-by, a duct extends from 
the upper surface of the cylinder head downward along a vertical bore. The vertical bore 
portion intersects a horizontal portion that connects to another horizontal portion receiving a 
fitting extending out to the side of the cylinder head. The fitting generally receives a fluid 
5 relief line that connects to an intake assembly, typically the intake manifold mounting to the 
intake port at the side of the cylinder head. The end of the horizontal portion that intersects 
the vertical bore may receive a plug or is otherwise filled to close the duct and provide flow 
only to the fitting. The vertical bore portion of the duct is aligned with an opening in the 
rocker box. The action of the engine while operating provides suction to draw air and blow- 
10 by gases from the rocker box through the opening in the rocker box aligned with the duct in 
the cylinder head. The blow-by gases are sucked into the vertical portion and passing 
through the two intersecting horizontal portions through the fitting, out the blow-by relief 
line and to the intake manifold. 

In a second embodiment, the cylinder head includes a duct system with a single 
1 5 straight duct portion formed through the cylinder head extending from the upper mounting 
surface of the cylinder head to the intake system, and in particular to the intake port. The 
duct generally extends at an oblique angle to the upper surface and acts as a straight tube 
leading to the intake port. Blow-by gases are drawn in a similar manner to the first 
embodiment through the rocker box to vertical bores through the bottom of the rocker box 
20 that is aligned with the angled duct. The blow-by gases are drawn through the duct to the 
intake port. 

It will be appreciated to those skilled in the art that other duct arrangements from 
the upper surface of the cylinder head to a portion of the intake system may be possible that 
provide removal of unwanted gases and are within the scope of the present invention. 
25 Moreover, it can be appreciated that the particular embodiment that is utilized would depend 
upon the mounting arrangement and the application for the cylinder head. It can also be 
appreciated that within the same engine, the two embodiments may be mixed and matched, 
depending upon the engine use and mounting requirements. 
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A variety of aspects of the invention are set forth in part in the description that 
follows, and in part will be apparent from the description, or may be learned by practicing 
various aspects of the disclosure. The aspects of the disclosure may relate to individual 
features as well as combinations of features. It is to be understood that both the foregoing 
5 general description and the following detailed description are exemplary and explanatory 
only, and are not restrictive of the claimed invention. 



Brief Description of the Drawings 

Referring now to the drawings, wherein like reference numerals and letters indicate 
10 corresponding structure throughout the several views: 

Figure 1 is a side elevational view of a first embodiment of a motorcycle frame and 
engine according to the principles of the present invention with a line leading from the blow- 
by duct to the intake manifold; 

Figure 2 is a perspective view of a first embodiment of a cylinder head for the engine 
1 5 shown in Figure 1 ; 

Figure 3 is partial sectional detail view of the cylinder head shown in Figure 2 
mounted to a rocker box according to the principles of the present invention; 

Figure 4 is a top plan view of the cylinder head shown in Figure 2; 

Figure 5 is a perspective view of the cylinder head shown in Figure 2 with portions 
20 removed to show a blow-by duct according to the principles of the present invention; 

Figure 6 is a side elevational view of a second embodiment of a motorcycle engine 
and frame according to the principles of the present invention; 

Figure 7 is a sectional view of a second embodiment of a cylinder head and rocker 
box for the engine shown in Figure 6; 



Figure 8 is top plan view of the rocker box and cylinder head shown in Figure 7; 

Figure 9 is a sectional view of the rocker box and cylinder head taken along line 9-9 
of Figure 8; and 

Figure 10 is a partial sectional detail view of the cylinder head shown in Figure 7 
5 mounted to a rocker box according to the principles of the present invention. 

Detailed Description of the Preferred Embodiment 

Referring now to the drawings, and in particular to Figures 1 and 6, there is shown a 
two cylinder V-type motorcycle engine, generally designated 10. Such engines 10 are well 
known in the art and have been successfully manufactured and used for decades. The 

10 engine mounts to a frame 12 and couples to a drive train, an exhaust system and an intake 
system. The engine 10 typically includes a crankcase portion 14, a sump holding lubrication 
oil, one or more camshafts and a drive shaft. Two cylinder assemblies mount onto the 
crankcase in a V-type configuration. The cylinder assemblies each include a cylinder 18, a 
cylinder head such as cylinder head 20, and a rocker box assembly 24. Push rods 16 extend 

15 from the crankcase assembly 14 up through the cylinder head 20 to the rocker box assembly 
24. A piston moves in an up and down reciprocating motion during the combustion cycle 
within the cylinders 16 and to the combustion chamber formed by the bottom of the cylinder 
head 20. Combustion occurs utilizing a valve assembly, a spark plug and a carburetor or 
fuel injector system. 

20 Referring now to Figures 1-5, there is shown a first embodiment of the cylinder head 

20. It will be appreciated to those skilled in the art that cylinder head 20 is typically 
modified depending on whether it is the front or rear cylinder head, however these changes 
in configuration are to accommodate other equipment and do not substantially affect the 
overall features of the cylinder head. Moreover, a second embodiment of a cylinder head, 

25 generally designated 22 and shown in Figures 7-10, may be interchangeable with the first 

embodiment of a cylinder head 20 shown in Figures 1-5 for many applications. Mounting of 
the cylinder heads and other engine parts may dictate the use of one or the other of the 
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cylinder heads in certain applications or may require mounting of one embodiment of 
cylinder head on the front with the other embodiment on the rear cylinder assembly of the 
engine 10. The cylinder heads 20 and 22 are substantially identical except for the duct 
systems, whose function will be described below. 

5 The cylinder heads 20 and 22 generally include cooling fins 30 extending outward to 

provide increased surface area and air cooling to the cylinder heads 20 and 22. An upper 
mounting surface 32 receives the rocker box assembly 24, as shown in Figures 3 and 7-10. 
The rocker box assembly 24 is typically bolted onto the rocker box mounting surface 32 in a 
conventional manner. The cylinder heads 20 and 22 define a combustion chamber 36 shown 

10 most clearly in Figure 9 aligning with the top of the bore of the associated cylinder. Valves 
extend into the combustion chamber 36 and openings 34 are provided for receiving valve 
springs. An intake port 44 opens to the combustion chamber 36. The cylinder heads 20 and 
22 also define openings 40 for the push rods 16 to extend through, as shown most clearly in 
Figure 4. A threaded opening 38 receives a spark plug for providing spark to the 

1 5 combustion chamber 36. The cylinder heads 20 and 22 are mounted to the associated 
cylinder in a conventional manner with bolts extending through cylinder head mounting 
holes 42. 

As shown in Figure 1, the cylinder heads 20 (and 22) include an intake system 
including an intake manifold 46 that mounts to the side of the cylinder head and aligns with 
20 the intake port of the intake system. 

It is noted that directional terms such as top, bottom, side, vertical and horizontal are 
used herein for reference only for the embodiments shown with the surface of the cylinder 
head that mounts to the rocker box being horizontal. It is further noted that in use, the 
various structure may not be so oriented. 

25 Referring to Figures 3 and 7-10, the rocker box assembly 24 receives the upper ends 

of the push rods 16 and also supports rocker arms (not shown for clarity). The rocker box 
assembly 24 mounts to the upper rocker box mounting surface 32 of the cylinder heads 20 
and 22 and typically has a sealing gasket there between. The rocker box includes a housing 
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72 receiving a cover 70. Rocker arm supports 74 are mounted within the rocker box 
assembly 24. The housing 72 defines an opening including a lower vertical bore portion 76 
and an upper vertical bore portion 78 extending downward to the upper surface 32 to 
provide for removal of blow-by gases through the rocker box assembly 24, as explained 
5 hereinafter. 

The present invention provides for improvements over breather channels of the prior 
art. According to the present invention, such unwanted blow-by is positively removed rather 
than just allowing normal passive "breathing" to occur. Positive suction due to pressure 
differential from engine operation draws the unwanted oil and fuel laden gases and vents 

10 them through ducts to a more desirable location. The cylinder head 20 includes a duct 

system 50 leading from the vertical bore 76 formed in the rocker box 24 to a fitting 52. The 
fitting 52 extends from the side of the cylinder head 20. The fitting 52 receives a blow-by 
relief line 62 extending to a fitting 64 on the intake manifold 46, as shown in Figure 6. As 
shown in Figures 3-5, the duct system 50 includes a first vertical portion 54 extending to the 

15 upper rocker box mounting surface 32. A second substantially horizontal duct portion 56 
extends to the fitting 52 and may include a threaded portion to receive the fitting 52. A third 
portion 58 also extends substantially horizontally and intersects and connects the vertical 
portion 54 to the second portion 56 extending to the fitting 52. The outer end of the third 
portion 58 extends to the side of the cylinder head 20 and is sealed with a plug 60 at its outer 

20 unused end in a conventional manner. The series of connected bores 54, 56 and 58 provides 
for routing of blow-by from the rocker box 24 through the cylinder head 20 to the intake 
system at the intake manifold 46. Three straight bores 54, 56 and 58 are formed in the 
cylinder head 20 in an easy and inexpensive manner and overcome the manufacturing 
difficulties associated with forming channels in the surface of the cylinder head, and further 

25 challenges associated with trying to form channels with an arc. 

The blow-by gases are drawn to the intake manifold 46 shown in Figure 1 from the 
rocker box 24. As shown in Figure 3, gases flow through the vertical bore 78 and 76 aligned 
with the vertical portion 54 of the duct 50. The blow-by gases enter the horizontal portion 
58 of the duct system 50 and then flow out through the horizontal portion 56 and the fitting 



52. As shown in Figure 1, gases flow from the fitting 52 through the blow-by line 62 
extending to a fitting 64 on the intake manifold 46. 

Referring to Figures 7-10, the cylinder head 22 also includes a duct system, 
designated 68, to remove blow-by gases. The duct system 68 has a single straight bore 
5 portion that extends from the upper surface 32 of the cylinder head 22 to the intake port 44. 
As stated above, as there is positive suction to draw the gases through the duct 68, a smaller 
diameter duct is needed, rather than the larger channels associated with the prior art 
breathing methods. The duct 68 is positioned at an oblique angle relative to the upper 
surface 32 to lead directly to the intake port 44 for simple manufacture. 

10 As shown in Figure 10, flow of the blow-by gases with the cylinder head 22 and duct 

system 68 removes the gases from the rocker box 24 and vents them to the intake port 44. 
Gases are drawn through the rocker box 24 into the upper end of the vertical bore 78 and 
pass down through the intersecting vertical bore 76. The vertical bore 76 is aligned with the 
upper end of the duct 68 so that blow-by gas flows directly through the duct 68 downward to 

15 the intake port 44. The arrangement of the duct system 68 provides for simple manufacture 
with a single straight drilling operation being conducted and no other modification of the 
cylinder head 22 being required. 

Either of the embodiments of the cylinder heads 20 or 22 may be utilized depending 
upon the spatial mounting requirements and limitations for the heads and the type of 

20 application. Moreover, it can be appreciated that the cylinder heads 20 and 22 may be 

mixed and matched so that one of the heads 20 or 22 may be utilized for the front cylinder 
assembly while the other of the cylinder heads 20 or 22 could be utilized on the rear cylinder 
assembly should mounting arrangements and the application require such an arrangement. 
Both of the cylinder heads 20 and 22 are easily interchangeable with the same sets of 

25 cylinders 18 and both are also utilized with the same rocker box 24. In addition, it is readily 
understood by those skilled in the art that the same kinds of duct arrangements 50 and 68 
may be utilized with other types of cylinder heads for other engine applications and uses 
without departing from the principles of the present invention. 
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It is to be understood, however, that even though numerous characteristics and 
advantages of the present invention have been set forth in the foregoing description, together 
with details of the structure and function of the invention, the disclosure is illustrative only, and 
changes may be made in detail, especially in matters of shape, size and arrangement of parts 
5 within the principles of the invention to the full extent indicated by the broad general meaning 
of the terms in which the appended claims are expressed. 
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